The systematic integrity of European Gymnopus subsect. Levipedes is verified based on anatomicmorphological characters with support from DNA sequences of ITS and translation elongation factor 1-alpha genes. Seven species (G. alpinus, G. aquosus, G. dryophilus -including var. lanipes, G. erythropus, G. fagiphilus, G. hybridus, and G. ocior) belonging to this subsection are included. We clarify the concepts of G. dryophilus and G. ocior, which were occasionally confused in older literature. Due to unavailability of previously selected neotype of G. dryophilus the substitute neotype specimen is selected. Gymnopus dryophilus var. lanipes is confirmed as a variety; no important differences from nominotypical variability were detected. All discriminative characters used for identification of these species are discussed in detail. An identification key is also provided.
INTRODUCTION
Gymnopus is a large agaricoid genus distributed world-wide circumscribing c. 300 species (Kirk et al. 2008) . It is characterized in basidiocarps collybioid, rarely tricholomatoid or marasmioid with a pileus convex, plano-convex to applanate or slightly concave, dry or slightly viscid, glabrous or innately radially fibrillose, lamellae free, emarginate or adnate, crowded to sometimes fairly distant, a stipe central, non-insititious or insititious, and a spore print white. Basidiospores are ellipsoid to oblong, rarely subglobose to globose or lacrimoid, thin-walled, hyaline, non-amyloid; cheilocystidia often present, cylindrical, flexuous, clavate or irregularly coralloid; pleurocystidia usually absent or in some species well-developed (e.g., G. lodgeae (Singer) J.L. Mata, G. omphalodes (Berk.) Halling & J.L. Mata, G. pseudologeae J.L. Mata; Mata et al. 2004 , 2006 , Mata & Ovrebo 2009 ); a pileipellis in the form of a cutis or ixocutis of radially arranged cylindrical hyphae, or interwoven, made up of irregular coralloid terminal elements (Dryophila-structure); hyphae never amyloid or dextrinoid (except for sect. Androsacei with dextrinoid context hyphae, at least in stipe apex), and clamp connections mostly present.
Gymnopus sect. Levipedes subsect. Levipedes (type species:
Gymnopus dryophilus) is characterized in having a pileipellis composed of cells inflated, lobed or coralloid (a Dryophilatype cutis), well-developed cheilocystidia, a smooth stipe, and hyphae only rarely becoming green in alkali or not (Antonín & Noordeloos 2010 ).
In Europe, seven species occur: G. alpinus, G. aquosus, G. dryophilus (with var. lanipes) , G. erythropus, G. fagiphilus, G. hybridus, and G. ocior . The DNA-based phylogenetic relations among these species are insufficiently known. Mata et al. (2006) included several species of this subsection from various continents (some of them also from Europe), but in their comprehensive analysis did not cover all European taxa of subsect. Levipedes. Moreover, our preliminary results were in disagreement with some of their interpretation of G. ocior and its placement in the ITS phylogram. Therefore, the aim of this paper is a phylogenetic and taxonomic revision of all European taxa of this subsection.
MATERIAL AND METHODS

Morphological dataset
The specimens studied, especially of the G. dryophilus com plex, were selected from various regions of Europe. The macroscopic descriptions are based on fresh basidiocarps, if available, were made by the collectors. Microscopic features were studied under Olympus BX 50 light microscope from dried material mounted in H 2 O, 5 % KOH solution, Melzer's reagent and Congo Red. Microscopic characters were studied with emphasis on the most important morphological features for taxon delimitation -shape and dimensions of basidiospores, pileipellis structure and shape and dimensions of cheilocystidia. For basidiospores, the factors E (quotient of length and width in any one spore) and Q (mean of E-values) are used. In each herbarium collection, 20 basidiospores were measured. Authors of fungal names are cited according to the International Plant Names Index Authors website (http://www.ipni.org/ipni/ authorsearchpage.do); colour abbreviations are according to Kornerup & Wanscher (1983) , and for herbarium acronyms see Thiers (2012; accessed 10 Sept. 2012 ).
Molecular dataset
DNA extraction and PCR
The DNA was extracted from dried herbarium specimens. The specimens selected for DNA extraction and PCR are listed in Table 1 . The two loci: ITS region of ribosomal RNA gene (ITS) and partial sequence of translation elongation factor 1-alpha gene (tefa) -were selected for the analysis. The DNA extraction and PCR of ITS was applied according to Tomšovský et al. (2010) . For the amplification of tefa, the primer pair 983F/2218R was used (Rehner & Buckley 2005) . PCR for the tefa locus was performed using a following touchdown PCR procedure: The amplifications were initiated with a 2 min denaturation at 94 °C. The annealing temperature in the first amplification cycle was 60 °C, which was subsequently incrementally reduced by 1 °C per cycle over the next 9 cycles. An additional 35 amplification cycles were then performed, each consisting of 30 s denaturation at 94 °C, a 30 s annealing step at 50 °C, and a 1 min extension at 72 °C, concluding with a 10 min incubation at 72 °C. In case of unsuccessful amplification of tefa gene, the nested PCR of this gene region was performed according to Tomšovský et al. (2010) .
Phylogenetic analysis
The newly obtained sequences were augmented by those published by Lutzoni et al. (2004) , Mata et al. (2006) , and Antonín et al. (2012) . Sequences of each individual locus were aligned using the MAFFT version 6 with selected Q-INS-i option algorithm (Katoh & Toh 2010) . The sequences of Gymnopus confluens were selected as an outgroup.
The two separate phylogenetic analyses were performed -the first one including a two-gene dataset of both genetic markers (ITS and tefa) and the second one of newly obtained ITS data alone complemented with the respective sequences from GenBank (mostly published by Mata et al. 2006 ).
To determine whether the datasets of the different genetic markers (ITS and tefa) were in significant conflict, two methods were applied. The partition homogeneity test in PAUP* 4.0b10 (Swofford 2003) was used between the markers using 100 replicates and the heuristic general search option. maximum agreement subtrees (de Vienne et al. 2007 ) was further performed.
Phylogenies were generated in MrBayes version 3.2.1 (Ronquist & Huelsenbeck 2003) . The substitution models were selected prior to analyses using the MrModeltest 2.3 (Nylander 2008) . For ITS+tefa dataset he GTR + I + G (General time reversible model + Proportion of invariant + Gamma) while for the ITS dataset GTR + G (General time reversible model + Gamma) were chosen. Markov chains were initiated from a random tree and were run for 5 000 000 generations; samples were taken every 100th generation. The number of excluded generations determined as burn-in was used by Tracer 1.5 (Rambaut & Drummond 2009 ); burn-in = 500 000 in both analyses. The Bayesian branch supports were assigned as posterior probabilities (PP) on the consensus trees. In addition, bootstrap branch support values (BS) were estimated in PAUP 4.0b10 using 1 000 replicate datasets with the random addition of sequences during each heuristic search.
Additional, phylogenetic analyses were carried out in PHYML estimating maximum likelihood phylogenies and run at the server Phylogeny.fr (Dereeper et al. 2008 ) using 'A la Carte' mode. The alignments were treated with Gblock, eliminating poorly aligned positions and ambiguous regions, and GTR substitution model was selected for both ITS and LSU datasets. Bootstrap branch support values (BP) were estimated in PHYML 3.0 (Guindon et al. 2010 ) under the maximum likelihood criterion using default 100 replicates. The alignments and phylograms from the Bayesian analyses were deposited in Treebase (ID 13361).
RESULTS
We obtained 58 new sequences of ITS and 36 of tefa gene regions. A partition homogeneity test and a test of maximum agreement subtrees allowed us to combine the ITS and tefa data. The lengths of datasets, likelihood values and model parameters of Bayesian and Maximum likelihood of both datasets are summarized in Table 2 .
The molecular data ( Fig. 1, 2 ) confirmed sequence homogeneity of G. alpinus, G. aquosus, G. dryophilus, G. erythropus, G. fagiphilus, G. hybridus, and G. ocior 
NOTES ON STUDIED TAxA
Gymnopus dryophilus complex
The recent identification of four European species of this complex is based on studies by Vilgalys & Miller (1987) and Vilgalys (1991) , who distinguished four species based on anatomicmorphological studies and confirmed the distinctions using mating compatibility tests. The published key (Vilgalys & Miller 1987) relies on the pileus colour, presence of the basal stipe bulb, size of basidiospores and shape of cheilocystidia to distinguish species.
See Antonín & Noordeloos (2010) for monographic details on all taxa. Notes -Gymnopus alpinus differs from other species of this complex by having a dark red-brown, only weakly hygrophanous pileus, 6.0 -7.5 × 3.0 -4.0 μm basidiospores, and 14 -32 × 7.0-12 μm, clavate, simple, irregular to coralloid cheilocystidia. This species is a widespread but probably rare fungus with unknown distribution in Europe. Vilgalys RV 84/199, DUKE 193407; ibid., 17 June 1984, S. Ryman & R. Vilgalys RV 84/200, DUKE 193408; ibid., amongst herbaceous matter, 17 June 1984, S. Ryman & R. Vilgalys RV 84/197, DUKE 193432; ibid., 17 June 1984, S. Ryman & R. Vilgalys RV 84/201, DUKE 193409; ibid., in moss, 17 June 1984, S. Ryman & R. Vilgalys RV 84/205, DUKE 193412; ibid., in moss, 17 June 1984, S. Ryman & R. Vilgalys RV 84/202, DUKE 193410. Notes -Gymnopus aquosus is mainly characterized by having a hygrophanous, almost to the centre translucently striate, rather pale coloured, pale yellow to ochre pileus, pallescent Table 2 The statistics of phylogenetic analyses are summarized. In Bayesian analyses, the mean values of two simultaneous runs are presented. to almost white, a distinctly bulbose stipe base with pinkishochraceous rhizomorphs, (5.0 -) 5.5 -7.0 × 3.0 -4.0(-4.25 Nomenclature notes -The ITS sequences conspecific to G. dryophilus had been identified as G. ocior (Mata et al. 2006 ). The name G. ocior was adopted there based on several European specimens. We added two of these sequences (DQ480098 -Duke29 and DQ449956 -TFB 3849, Scotland) in our ITS dataset. These sequences fell in the G. dryophilus clade apart from G. ocior as conceived by us.
Gymnopus alpinus
To support our concept of G. dryophilus, we examined collections by S. Ryman & R. Vilgalys from Uppsala previously examined by Vilgalys (Vilgalys & Miller 1987 , Vilgalys 1991 , deposited in the DUKE herbarium. The ITS sequences of these specimens and the morphological characters of G. dryophilus noted by Antonín & Noordeloos (2010) showed that the correct name for this taxon is G. dryophilus. Therefore, we confirm the species concept hypothesized by Vilgalys & Miller (1987) while the concept of G. ocior proposed by Mata et al. (2006) is at variance with our hypothesis. We also determined that European and North American specimens of G. dryophilus are conspecific. The three sequences (DQ449963, DQ449964, DQ449966) included in the North American G. dryophilus group by Mata et al. (2006) formed a well-supported group within our G. dryophilus clade. Also American G. dryophilus included in the AFTOL project (ID 559; Lutzoni et al. 2004) Notes -Gymnopus dryophilus is characterized by having a pale coloured, orange-brown or ochraceous brown, later ochraceous brown, yellow ochraceous to pinkish ochraceous, hygrophanous, translucently striate pileus, white, cream to yellow lamellae (see Discussion), 5.0-7.0(-8.0 ) × (2.5-)3.0-4.0(-4.5) μm basidiospores, and 17-55 × 4.0-10 μm, (sub) cylindrical, narrowly clavate cheilocystidia, which are mostly coralloid, but also lobate or with apical projections. It grows mostly in deciduous, sometimes also coniferous forests, or in Sphagnum stands, and is widely reported from all over Europe and North America. All studied collections of fungi from this species complex from the alpine habitats represent this species. (Ortega et al. 2003 Notes -Gymnopus ocior is especially characterized by having a non-translucent or only at margin translucently striate, dark red-or orange-brown pileus, pallescent to reddish yellow or pinkish brownish, whitish or yellowish lamellae (see Discussion), (5.0-) 5.5-6.5(-7.0 Notes -This species is especially recognizable by having a ± dark red-brown, shining stipe with typically red-brown coloured basal hairs, rather large basidiospores ((5.0 -) 5.5 -8.0(-9.0 .5-4.5(-5.0 ) μm), and rather narrow (13 -40 × 5.0 -10(-13) μm), (sub)clavate, subfusoid, irregular to coralloid or apically mucronate cheilocystidia. It usually grows on dead wood or wood debris of various broad-leaved, rarely coniferous (Picea abies, Pinus sylvestris) trees, sometimes also among humus in deciduous woods or on buried wood. It is widely distributed in Europe (Antonín & Noordeloos 2010 , Noordeloos 2012 Notes -Gymnopus fagiphilus, known also as Collybia konradiana Singer or Collybia fuscopurpurea sensu Konrad & Mau blanc and Kühner & Romagnesi, is characterized by the moderately distant, pinkish brown or pinkish cream coloured lamellae, an apically glabrous, otherwise from a base upwards finely hairy stipe, rather large basidiospores ((6.0 -)7.0-9.0 × (3.0-) 3.5 -4.5 μm) , and clavate, irregular to apically almost coralloid cheilocystidia. It is associated with Fagus sylvatica litter, and grows on fallen leaves. It has a scattered distribution in Europe, but details of occurrences are not known. However, at least in Central Europe, it occurs in almost all more or less near-natural and natural beech forests. For a detailed description, photo and citations of other literature, see Antonín & Noordeloos (2010 Notes -Gymnopus hybridus is easily distinguishable by having rather distant, cinnamon-brown lamellae, rather large basidiospores ((6.2-) 7.4-9.6 × 3.5-4.8 μm) , and only small (18 -26 × (3.1-)5.2 -6.6 μm), clavate to cylindrical, mostly irregular cheilocystidia. It mostly grows on fallen leaves of Quercus, less frequently on other broad-leaved tree litter, mostly in thermophilic forests, and is widely distributed especially in Central and Western Europe. For a detailed description, photograph and citations of other literature, see Antonín & Noordeloos (2010) .
Gymnopus dryophilus var. lanipes
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DISCUSSION
The DNA sequences brought light to morphological characters useful for identification of Gymnopus spp. in subsect. Levipedes. Three taxa of subsect. Levipedes in the G. dryophilus complex (G. erythropus, G. fagiphilus, G. hybridus) are clear and easily to identify. Therefore, the most important features of species belonging to the G. dryophilus complex are discussed below.
Colour of lamellae
In the G. dryophilus complex, the lamellae colour is used as an identification character. According to literature, lamellae are white to cream in G. alpinus, G. aquosus, and G. dryophilus . ocior and G. dryophilus. In G. ocior , lamellae may be white to whitish when young and then pale cream coloured (e.g. BRNM 728540 and BRNM 728565) or yellowish when young to pale or light yellow (3A3-4) when old (e.g. BRNM 728539). A surprisingly broad variation was found in G. dryophilus -the lamellae are mostly white to pale cream when young to cream (e.g. BRNM 734758), yellowish white, pale or light yellow (3A2, 3-4A3, 4A3; e.g. BRNM 732938, 642393, and 737691) . Even a collection with entirely yellow (yellowish white, pale or light yellow) basidiocarps (pileus 3-4A4, lamellae 2A3, stipe 3-4A4), agreeing macroscopically with G. ocior, belongs here. As summarized, the yellow coloured lamellae may not unambiguously lead to G. ocior. The yellow coloured lamellae are also present in G. junquilleus R. H. Petersen & J.L. Mata (Mata et al. 2006), G. subsulphureus (Peck) Murrill (Vilgalys & Miller 1987 , Vilgalys 1991 .
Basidiospores
Basidiospores of all taxa of the G. dryophilus group are (broadly) ellipsoid, oblong, pip-shaped or ellipsoid-fusoid. Data on basidiospore measurements are summarized in Table 3 .
The studied specimen of G. alpinus showed slightly smaller basidiospores (6.0-7.5 × 3.0-4.0 μm) than mentioned in the literature ((6.2-)6. 5-8.5 × 3.0-4.4 μm; Antonín & Noordeloos 2010 ). This size is in the lower limit of their variability. 5.5 -8.0 × 2.7-3.5(-4.0) μm; Antonín & Noordeloos 2010 ) except for the absence of an upper limit (none of basidiospores reached up to 8.0 μm). However, in single specimens we can find a rather large variation. Specimen BRNM 710027 has very narrow (3.0 -3.5(-3.75 ) μm) basidiospores (Q = 1.89), while they were distinctly broader (3.5-4.5 μm, Q = 1.63) in BRNM 670755. However, there is a transition from one extreme to the other and the basidiospore shape may distinctly vary in single specimens as well. The molecular data confirmed identity of both collections.
The results of measurements of G. dryophilus showed large basidiospores (5.0-7.0(-8.0 ) × (2.5-) 3.0-4.0(-4.5 ) μm), while the literature indicates a larger variability especially in a lower limit ((3.5-) 4.0-6.5(-7.0) × 2.5-3.5(-4.0) μm; Antonín & Noordeloos 2010). The differences between single specimens are, however, rather great, and vary between (5.0-) 5.5-6.0 × (2.5-) 2.75-3.0 μm, Q = 1.86 (DUKE 193429) and (5.75 -)6.0-8.0 × 3.5-4.5(-5.0 ) μm, Q = 1.73 (BRNM 695317) . Small basidiospores were also found in the isoneotype specimen of G. dryophilus var. lanipes: (5.0 -) 5.5 -6.0 × 2.75 -3.5 
μm.
The basidiospore variability in G. ocior ((5.0 -) 5.5 -6.5(-7.0 
Cheilocystidia
The shape of cheilocystidia is one of the most important identification characters. The first detailed studies of cheilocystidia in the recent literature were made by Vilgalys & Miller (1987) . They distinguished inflated-clavate to subglobose or sphaeropendunculate, frequently diverticulate (G. ocior), inconspicuous, diverticulate-filamentous (G. alpinus), inflated-clavate to sphaeropendunculate, somewhat echinulate or lobate-diverticulate (G. aquosus), and sometimes inconspicuous, filamentous cheilocystidia with numerous diverticulate branches (G. dryophilus). However, the variation is even broader.
Cheilocystidia of G. alpinus of the studied specimen ( Fig. 3 ) agree with those drawn by Vilgalys & Miller (1987) and Antonín & Noordeloos (2010) . They are clavate, simple, irregular to coralloid.
Gymnopus aquosus has clavate, capitate and pedunculate, less frequently subcylindrical or fusoid, simple or coralloid cheilocystidia (Fig. 4) ; some of them may even be similar to those of G. dryophilus. Clavate to sphaeropendunculate cheilocystidia drawn by Vilgalys & Miller (1987) represent only the minority of ones found.
The typical shapes of cheilocystidia of G. dryophilus are (sub) cylindrical, narrowly clavate, mostly coralloid (Fig. 5) . Their form agrees with figures by Vilgalys & Miller (1987) Table 3 Basidiospores size of studied specimens. Noordeloos (2010) . However, we also usually find clavate, simple or slightly irregular cheilocystidia in most of the basidiocarps.
The basic shapes of G. ocior cheilocystidia (Fig. 6) are clavate, subcylindrical, or subutriform, but, most of them are lobate, branched, with (apical) projections or coralloid. The form of cheilocystidia drawn by Vilgalys & Miller (1987) represents only a part on their variability. Antonín & Noordeloos (2010) mentioned that forms of G. ocior with yellow lamellae have more distinctly coralloid cheilocystidia. Our studies showed that these yellow forms actually belong to G. dryophilus, and the cheilocystidia fully support that placement. Nevertheless, we can also rarely find cheilocystidia of the G. dryophilus type in typical basidiocarps of G. ocior.
Pileipellis
The pileipellis is a Dryophila-structure in all discussed taxa. In G. alpinus it is composed of cylindrical to inflated, often irregularly coralloid terminal elements with lateral and terminal projections (a poorly developed Dryophila-structure as defined by Antonín & Noordeloos 2010) . However, this type of pileipellis structure is useless for identification because of the variability. A poorly to well-developed Dryophila-structure is dependent on the age and development of basidiocarps, and also on the location on the pileus (centre, margin) where the structure is observed. 
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